Although the requirement for new protein synthesis in synaptic plasticity and memory has been well established, recent genetic, molecular, electrophysiological, and pharmacological studies have broadened our understanding of the translational control mechanisms that are involved in these processes. One of the critical translational control points mediating general and gene-specific translation depends on the phosphorylation of eukaryotic initiation factor 2 alpha (eIF2a) by four regulatory kinases. Here, we review the literature highlighting the important role for proper translational control via regulation of eIF2a phosphorylation by its kinases in long-lasting synaptic plasticity and long-term memory.
Introduction
One of the more remarkable features of the brain is the ability to acquire and store new information as lasting memory traces. This continuous capacity to learn and remember allows one to process changes in the environment, retain new information, and adapt to behavioral choices over time. A fundamental question remains that intrigues modern neuroscientists: how are memories formed and stored at the cellular and molecular level? Behavioral studies performed in mice treated with the protein synthesis inhibitor puromycin provided the first molecular clue that protein synthesis is required for long-term memory (LTM) formation, but not for task acquisition and short-term memory (STM) formation (Flexner, Flexner, & Stellar, 1963) . Since then, a plethora of pharmacological and genetic studies have highlighted the critical role for de novo gene expression and protein synthesis in LTM formation (Kandel, 2001; McGaugh, 2000) .
Neurons can alter their molecular and physiological characteristics in response to temporal-and activity-dependent changes in their environment. Synaptic plasticity refers to the ability of the brain to change the efficacy (strengthening or weakening) of synaptic connections between neurons and is hypothesized as the cellular basis for learning and memory (Bliss & Collingridge, 1993; Malenka & Nicoll, 1999) . These persistent, activity-dependent, changes in synaptic strength are triggered by de novo protein synthesis (Klann & Sweatt, 2008) . Evidence indicating a role for protein synthesis at local synaptic sites stem from observations that neuronal dendrites and their spines contain polyribosomes (Steward & Levy, 1982) , translation factors (Tang & Schuman, 2002) , and mRNA (Crino & Eberwine, 1996) that can be translated into proteins to support synaptic activity. Consistent with this notion, local protein synthesis was shown to be necessary for long-lasting increases in synaptic strength induced by brain-derived neurotrophic factor (BDNF; Kang & Schuman, 1996) . Similarly, rapid, local protein synthesis also was required for long-lasting decreases in synaptic strength induced by activation of group I metabotropic glutamate receptors (mGluR; Huber, Kayser, & Bear, 2000) . Together, these findings indicate that protein synthesis can be triggered locally at activated synapses and is required for persistent, activity-dependent forms of synaptic plasticity, which in turn is thought to be essential for memory formation.
Although the initial report from Flexner et al. (1963) and other early studies identified new protein synthesis as a molecular requirement for memory formation, they offered little in the way of molecular translational control mechanisms because they relied mostly on the administration of general translation inhibitors into animals. In the last 10 years, however, a vast amount of genetic, biochemical, pharmacological, and physiological studies have increased our knowledge of the precise translational control mechanisms underlying long-lasting synaptic plasticity, memory formation, and cognitive function (Costa-Mattioli, Sossin, Klann, & Sonenberg, 2009; Kelleher, Govindarajan, & Tonegawa, 2004;  
